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5 BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an ink jet printing 
10 apparatus that carries out printing by ejecting ink to a 
print medium. More specifically, the present invention 
relates to an ink jet printing apparatus that carries out 
preliminsLry ejection to recover the appropriate conditions 
o£ a print head as well as a prellininary ejecting method 
15 executed using this apparatus. 

DESCRIPTION OF THE RELATED ART 

Some printing apparatuses are used as means for printing 
20 images in a printer, a copier, a facsimile, or the like, or 
as print output eq[uipment for composite electronic 
equipment, a workstation, or the like which includes a 
computer, a word processor, or the like. These printing 
apparatuses £uce configured to print images or the like on 
25 print media such as sheets or thin plastic sheets on the 
basis of image infoirmation (including all of output 
information such as text Information) . On the basis of 
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theiac printing metnods , these apparatuses can be classified 
into an ink jet type, a wire dot type, a tliermal type, a 
laser beam type, and the like. Among them, an ink jet type 
printing apparatus (hereinafter referred to as an "ink jet 
5 printing apparatus" ) carries out printing by ejecting from 
printing means including a print head, to a print medium. 
This method easily increases definition compared to the 
other printing methods. Further, this printing apparatus 
has various advantages: it operates fast and silently and 

10 is ineacpensive - On the other hand, in recent years, color 
outputs such as color images have become more and more 
Important. Accordingly, a large number of color ink jet 
printing apparatuses have been developed which provide high 
quality images equivalent to silver photographs. 

15 In order to improve a printing speed, such an ink jet 

printing apparatus comprises a print head in which a 
plurality of print elements are integrally arranged and 
in which a plurality of ink ejection openings and liquid 
channels are integrated together. Furthermore, the 

20 apparatus is generally provided with a plurality of such 
print head in order to deal with color printing, 

As shown in Fig. 1, the ink jet printing apparatus often 
uses a serial type printing method of printing the entire 
print medium by repeating a printing operation of executing 

25 printing while scanningaprint headf romwhichinkis ejected, 
along a guide rail and a paper feeding operation of feeding 
paper by a predetermined amount. 
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Fig. 2 ±s a schema-tic view showing an ejection opening 
surface of a print head. Ejection opening rows are formed 
in a direction perpendicular to a scanning direction of 
the print head^ Further, the ejection opening rows for 
5 the respective inlc colors are arranged parallel with the 
scanning direction of the print head. 

In each of the inlc ejection openings constituting the 
print head, if no ejecting operations are performed for 
a specified time, ink present close to the ejection opening 

10 may become more viscous or dust floating in the air may 
stick to the vicinity of the ejection opening . Consequently , 
ejection may he inappropriately carried out: the amount 
of ink ejected or the direction of ejection may become 
unstable during an ejecting operation. Thus, preliminary 

IS ejection^ a kind of a recovery process, is periodically 
executed, after no ejecting operations eire performed for 
the specified time, before an ejecting operation is started 
or during a printing operation. This enables the removal 
of the more viscous ink or the dust or droplets attached 

20 to the vicinity of the ejection opening, together with 
ejected ink. 

With the above described serial type printing method, 
the print head moves to a preliminary ejection receiver 
provided in an area different from a print area. Then, 
25 ink is ejected to the preliminary ejection receiver the 
predetermined number of times at a predetermined ejection 
frequency. The preliminary ejection receiver is provided 
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at, fox example, a pos±ti.on opposx'te tio a px-xnt head 102 
at Its home position. 

After* ejection , an inJc droplet ejected from tlie ejection 
opening Is often divided Into a plurality of pieces before 
5 flyJLng. The plurality of ink droplets obtained by the 
division Include main droplets that are the largest InJc 
droplets, satellites that are inX droplets smaller than 
the main droplets, and mists that are Ink droplets finer 
than the satellites and flying at a low speed. This 

10 phenomenon of course occvirs not only during a printing 
operation but also during a preliminary ejecting operation. 

Figs, 3A to 3C illustrate how an ejected Ink droplet 
is divided. In these figures , reference numerals 301, 302, 
and 303 denote Ink, just ejected Ink, and meniscus. 

15 Reference nximerals 304, 305, and 306 denote amain droplet, 
a satellite, cuid a floating mist. 

As shown in Fig. 3A, ejection is started. Immediately 
after the start of the ejection, the Ink is continuously 
ejected from a nozzle • Subsequently, In Fig. 3B, the 

20 meniscus 303 , which results from the contraction of bubbles 
or the deformation of a piezoelectric element, retreats 
to move the ink 301 to the Interior of the print head 102. 
The movement of the ink 301 causes the ejected Ink 302 to 
be separated from the Ink present inside the print head. 

25 This creates a speed distribution in the ejected Ink 302. 
In Fig. 3C, the ink with the speed distribution is divided. 
This results in an Ink droplet with the largest volume and 
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the lilgtiest speed (main droplet 304), ink droplets having 
a smaller volume and a lower speed than the main droplet 
(satellites 305), and ink droplets having a much smaller 
volume and a much lower speed and floating in the air without 
5 reaching the preliminary ejection receiver ( floating m±sts 
306) . 

If each color nozzle row in the print head 102 undergoes 
preliminary ejection and when all of the nozzle rows are 
simultaneously subjected to preldLminary ejection ^ power 

10 required for preliminary ejection may exceed the meucimum 
power supplied to the ink jet printing apparatus. In this 
case, the ejection cannot be correctly executed- In view 
of such a problem associated with supplied power ^ the 
preliminary ejection is often executed a plurality of times 

15 for each color nozzle row. However, when the ejection 
openings or ejection opening rows in each color nozzle row 
are divided into groups for preliminary ejection, a time 
difference inprelxminary ejecting operation occurs between 
the ejection openings or the ejection opening rows. The 

20 present inventors have found that this results in a color 
mixture problem. 

SUMMARY OF THE INVKNTION 

25 It is an object of the present invention to provide 

an ink jet printing apparatus that enables desired colors 
to be inexpensively printed without causing ink color 
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in±3Ct:uz-e . 

In the first aspect of the present invention^ there 
is provided an ink jet printing apparatus that forms an 
image by ejecting ink from a print head in which a plurality 
of ejecting portion rows are arranged, to a print medium, 
each of the ejecting portion rows having a plurality of 
ejecting portions arranged in it , the apparatus comprising : 
a carriage that scans a print head; and 
preliminary ejecting means for ejecting the ink from 
the ejecting portions in the print head so that the ejection 
is not involved in formation of the image, and 

wherein the preliminary ejecting means sequentially 
selects one of the plixrality of ejecting portion rows as 
the ejecting portion on which an ejecting operation is 
performed, while the carriage is not performing a scanning 
operation , and the preliminary ejecting means then subjects 
the selected ejecting portion row to preliminary ejection. 

In the second aspect of the present invention, there 
is provided an ink jet printing apparatus that forms an 
image by ejecting ink from a print head in which a plurality 
of ejecting portion rows are arranged, to a print medium, 
each of the ejecting portion rows having a plurality of 
ejecting portions arranged in it , the apparatus comprising: 
(ejecting portion row arranging) means for arranging 
the plurality of ejecting portion rows at intervals of a 
predetermined distance set so that mists resulting from 
a preliminary ejecting operation performed on the plurality 



of e jectxng poz*tlon irows do not: reacti a surface of tlie prxnt 
liead in whicli tne plurality of ejecting portion rows are 
disposed. 

In ttie th-ird aspect of tlie present invention, there 
is provided an ink jet printing apparatus ttiat forms an 
image by ejecting ink from a print iiead in wliicti a plurality 
of ejecting portion rows are arranged, to a print medium, 
each of the ejecting portion rows having a plurality of 
ejecting portions arranged in it , the apparatus comprising; 

a carriage that scans a print head; and 

preliminary ejecting means for ejecting the ink from 
the ejecting portions in the print head so that the ejection 
is not involved in formation of the image, and 

wherein the preliminary ejecting means selects a set 
of plural adjacent ones of the plurality of ejecting portion 
rows as the ejecting portions on which an ejecting operation 
is simultaneously performed, and switches the set to perform 
a preliminary ejecting operation for the plurality of 
ejecting portion rows sequentially. 

Tn the fourth aspect of the present invention, ther 
is provided an ink jet printing apparatus comprising: 

a print head including a pliarality of large ejecting 
portion rows in which large ejecting portions are arranged 
from which a relatively large amount of ink is ejected during 
one ejecting operation and a plurality of small ejecting 
portion rows in which small ejecting portions are arranged 
from which a relatively small amount of ink is ejected during 



one ejectxng opeiratzlon, 

preliminary ejectxng means for ejecting the ±nk from 
the ejecting portions in the print head, so that the ejection 
is not involved in formation of an image, 

preliminary ejecting control means for 
s imul t aneous ly per f orming a prel iminary e j ec t ing operat ion 
on the plurality of large ejecting portion rows, and for 
perfoxming a preliminary ejecting operation on the 
plurality of small ejecting portion rows one by one . 

In the fifth aspect of the present invention, there 
is provided a preliminary ejecting method executed using 
an inJc jet printing apparatus that forms an image hy ejecting 
ink from a print head in which a plurality of ejecting portion 
rows are arranged, to a print medium, each of the ejecting 
portion rows having a plurality of ejecting portions 
arranged in it, the ink being ejected from the ejecting 
portions in the print head so that the ejection is not 
involved in formation of the image, the method comprising: 

a step of sequentially selecting one of the plurality 
of ejecting portion rows as the ejecting portion on which 
an ejecting operation is perf oxmed and then subjecting the 
selected ejecting portion row to preliminary ejection. 

In the sixth aspect of the present invention, there 
is provided a preliminary ejecting method executed using 
an ink jet printing apparatus that forms an image by ejecting 
ink from a print head in which a plurality of ejecting portion 
rows are arranged, to a print medium, each of the ejecting 



portion rows having a pluxality of ejecting poirtions 
arranged in it, tine ink being ejected from the ejecting 
portions in the print head so that the ejection is not 
involved in formation of the image, the method comprising 
the step of: 

selecting a set of plural adjacent ones of the 
plurality of ejecting portion rows as the ejecting portions 
on which an ejecting operation is simultaneously performed, 
and switching the set to perform a preliminary ejecting 
operation of the plurality for ejecting portion rows 
sequentially • 

In the seventh aspect of the present invention , there 
is provided a prelimineiry ejectdLng method executed using 
an ink jet printing apparatus that forms an image by ejecting 
ink from a print head including a plurality of large ejecting 
portion rows in which large ejecting portions are arranged 
from which a relatively large amount of ink is ejected during 
one ejecting operation and a plurality of small ejecting 
portion rows in which small ejecting portions are arranged 
from which a relatively small amount of ink is ejected during 
one ejecting operation^ to a print medium^ the ink being 
ejected from the ejecting portions in the print head so 
that the ejection is not involved in formation of the image, 
the method comprising the step of : 

if a preliminary ejecting operation relates to the 
plurality of large ejecting portion rows, simultaneously 
performing a preliminary ejecting operation on the 



plmral±1:y of lax-ge ejecting por"t±on rows; and 

If a prelljn±nazY ejecting opera-kxon relates to tlie 
pltirallty o£ small ejecting portion rows, performing a 
preliminary ejecting operation on tHe plurality of small 
ejecting portion rows one by one. 

Tiie above and otlier objects, effects, features and 
advantages of tbe present Invention will become more 
appajrent from tlie following description of embodiments 
tiiereof taken In conjunction with, tbe accompanying 
drawings . 

BRIEF DESCRJPTXON OF THE DRAWINGS 

Fig. 1 Is a perspective view sbowlng a printing portion 
of an InJc jet printing apparatus as one embodiment of the 
present Invention; 

Fig« 2 Is a schematic view showing an ejection opening 
surface of a print head; 

Figs . 3A to 3C are schematic views showing how Inlc Is 
ejected as well as satellite droplets and mists; 

Figs. 4A and 4B are views showing an example of a 
preliminary ejecting process that was escamined before 
Implementing the present invention; 

Fig. 5 Is a block diagram showing an electric 
conf Igixration of an inlc jet printing apparatus according 
to an embodiment of the present invention; 

Figs . 6A to 6D are views showing a preliminary ejecting 
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pzrocess according to Embodiment 1; 

Fi.gs - 7A and 7B are views showing a preliminary ejecting 
process according to Embodiment 2; 

Fig. 8 Is a scliematlc view showing an ejection opening 
5 surface of a print head according to Embodiment 3; and 

Figs . 9 A to 9E are views showing a preliminary ejecting 
process according to Embodiment 3. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

XO 

Embodiments of the present invention will be described 
with reference to the drawings . 

Fig. 1 Is a perspective view showing essential parts 
of an Ink jet printing apparatus which are common to the 
15 embodiments described below* 

Xn Fig. 1, reference numeral 101 denotes an Ink jet 
cartridge. The Ink Jet cartridge 101 Is composed of an 
IXLk tank that stores a black, cyan, magenta, and yellow 
tanks, and print head 102 having ejection openings row 
20 corresponding to the respective inks. The print head 102 
will be described later in detail. 

Reference numeral 103 denotes a paper feeding roller 
that rotates in the direction of an arrow in the figure 
while sandwiching a print medium P between Itself and a 
25 supplementary roller 104, to convey the? print medium in 
a y direction (sub- scanning direction) as required. 
Further, reference numeral 105 denotes a pair of paper 
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feed.±ng r-oXlex* tlia-t feed pr'lnt mecLia.. Lxke tlie roller's 
103 and 104 , the pair of rollers 105 rotate wlille sandwiching 
the print medium P between themselves . Further, the print 
medium can he tensed hy reducing the rotation speed of the 
5 rollers 105 below the rotation speed of the paper feeding 
roller 103, Reference nixmeral 106 denotes a carriage on 
which the print head are mounted and conveyed and on which 
four inJc jet cartridges 101 are also moxinted. Reference 
numeral 107 denotes a guide rail along which the carriage 

10 106 is scanned over the print medium. 

The carriage 106 is scanned from one end to other end 
of the print medium. Ink Is e:]ected from each print head 
102 to theprlntmediumP to print an image • Once the carriage 
106 reaches the other end of the print medium the paper 

15 feeding roller 103 and others are rotated to convey the 
print medium F by a specified amount. An Image Is formed 
all over the print medium by repeating the printing operation 
and the paper feeding operation. 

While no printing operation is performed or before the 

20 print head 102 are subjected to a recovery process, the 
carriage 106 is moved to and stopped at a home position 
h, shown by a brolcen line in the figure. 

Fig. 2 is a schematic view showing an ejection opening 
surface of the print head. 

25 The print head 102 has ejecting portion (hereinafter 

also referred to as "nozzles") for respective colors 
arranged on its surface lying opposite the print medium. 
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Reference numeral 201 denotes a yellow nozzle row havxng 
nozzles arranged a-t D dp±. I.e. D nozzles per Incli and from 
wlii.cli yellow ±nR Is ejected. Tlie nozzles are arranged In 
a direction In which the carriage ±s scanned. I.e. ay 
5 direction, which is perpendicular to the direction of an 
arrow X, Likewise, reference numeral 202 denotes a nozzle 
row corresponding to magenta ink. Reference nximeral 203 
denotes a nozzle row corresponding to cyan ink. Reference 
numeral 204 denotes a nozzle row corresponding to hlacK 

10 ink- These color nozzle rows are arranged in parallel with 
the carriage scanning direction. 

The nozzles are in communication with one another via 
the corresponding ink tank and ink channel. Accordingly, 
the vicinity of the e;3ection opening is always filled with 

15 ink supplied by the ink tank. Further, each nozzle is 
provided with a corresponding heater «. Electricity is 
applied to the heater to generate thermal energy to generate 
bubbles in the ink . Then , the pressure of the bubbles pushes 
a predetermined amount of ink out of the nozzle , thus ejecting 

20 the ink. In the present embodiment, ink is ejected from 
the print head on the basis of such a bubble jet (R) method. 
However, according to the present invention, other ejection 
methods such as a piezoelectric method may be used to eject 
ink from the print head. The print head constitute 

25 different housings for the respective ink colors or nozzle 
rows . 

Fig. 5 is a block diagram showing a control arrangement 
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of ttie ink jet printing apparatus according to the present 
embodiment - Tlie meclianioal configuration of tlie ink jet 
printing apparatus according to the present embodiment is 
similar to that shown in Fig. 1, 
5 In Fig. 5, a CPU 500 controls each section of the 

apparatus and processes data, via a main bus line 505 . That 
is , the CPU 500 controls data processing and head and carriage 
driving via the sections described below, in accordance 
with programs stored in a ROM 501. A RAM 502 Is used as 

10 a work area in which the CPU 500 escecutes data processing 
and the like. Further, in addition to these memories, a 
hard disk and the like are provided as memories • An image 
input section 503 has an interface to a host apparatus to 
retain temporarily images inputted by the host apparatus - 

15 An image signal processing section 504 executes image 
processing such as color conversion or binarization- 

An operation section 506 comprises keys and the like. 
This allows an operator to carry out control input and the 
like. A recovery system control circuit 507 controls a 

2o recovery operation such as preliminary ejection in 

accordance with a recovery process program stored in the 
RAM 502. Specifically, a recovery system motor 508 drives 
a print head 513 as well as a cleaning blade 509, a cap 
510 , and a suction pump 511 arranged opposite and away from 

25 the print head 513. Further , a head driving control circuit 
515 drivingly controls an ink ejecting electrothermal 
converter for the print head 513. It also causes the print 
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liead 513 to eject ±n3c for prellmlnazY ejection or printing. 
Fxirttiermore , a carriage driving control circuit 516 and 
a paper feed control circuit 517 also controls carriage 
movement and paper feed, respectively, in accordance with 
5 relevant programs. 

Furtlier, a substrate in wliicli th.e ink ejecting 
electrothermal converter in the print head 13 is provided 
is provided with a thermal insulating heater to increase 
and adjust the temperature of the ink in the print head 

10 to a desired set value. Moreover^ a thermistor 512 is also 
provided in the substrate to measure the substantial 
temperature of the ink inside the print head. The 
thermistor 512 may also be provided outside the substrate 
rather than in it or may be provided around the periphery 

15 of or in the vicinity of the print head. 

Description will be given below of embodiments of the 
present invention based on the above apparatus 
configuration . 

A schematic view of the print head used in the present 

20 embodiment is similar to Fig. 2. 

The black and color nozzle rows each have 128 ejection 
openings (nozzles) arranged at a nozzle pitch of about 42 . 4 
(iia. The print head is 5.42 mm in length. Further, in the 
X direction^ the black nozzle row 204 is located upstream 

25 (a print area side), whereas the yellow nozzle row 201 is 
located downstream (a home position side) . The distance 
between the black nozzle row 204 and the yellow nozzle row 
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201 Is 3.0 mm. Further, -there ±s an equal distance o£ 1.0 
mm between the yellow and magenta nozzle rows, between the 
magenta and cyan nozzle rows, and between the cyan and black 
nozzle rows. 

5 On the other hand^ a preliminary ejection receiver 

provided at the home position has a width o£ 5.0 ram. Thus, 
the yellow, magenta, cyan, and black, nozzle rows can be 
subjected to preliminary e j ection without being moved , i . e . 
without the need to move the carriage. By carrying out 

10 preliminary ejection while the carriage is stopped, mists 
are prevented from flying into the apparatus. 

According to the present embodiment , in order to prevent 
generated mists from whirling up, preliminary ejection is 
carried out while the carriage on which the print head are 

15 mounted is not performing a scanning operation « Further, 
all the ink color nozzles are not simultaneously undergo 
preliminary ejection but they sequentially undergo 
preliminary ejection through a plurality of steps. 
Furthermore, for each step, nozzle rows subjected to 

20 preliminary ejection are selected on the basis of 
predetermined conditions described below* 
(Examinations Made before Implementing the Invention) 

Figs- 4A and 4B show a preliminary ejecting operation 
divided into a plurality of steps. Reference nximeral 401 

25 denotes a preliminary ejection receiver that receives ink 
droplets ejected from the print head 102 . Reference numeral 
402 denot:es a trade of an ink droplet resulting from yellow 
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preliia±naxY ejec-txon. Refe^rence numezral 403 denotes a 
tirack of an ink dLroplet result i.ng firom magenta pjreJ.dLminaz-y 
ejection. Ref eirence numex-al 404 denotes a track of an Ink 
droplet resulting from cyan preliminary ejection . 
Reference numeral 405 denotes a track of an ink droplet 
resulting from black preliminary ejection • Reference 
niimeral 406 denotes tracks of af loatingmist and a rebounding 
mist (a fine ink droplet formed when eui ink droplet impacts 
tlie preliminary ejection receiver and tben rebounds) as 
tliey are whirled up by an air current resulting from the 
preliminary ejection « Both the floating mist and 
rebounding mist will hereinafter simply referred to as a 
"mist". In the preliminary ejecting operation shown in 
Figs. 4A and 4B, the nozzle rows 201 to 204 corresponding 
to the four types of ink are divided into two groups each 
of two nozzle rows so that a preliminary ejecting operation 
is performed on each group. 

Pig- 4A represents the first step of preliminary 
ejection divided into two steps. Preliminary ejections 
403 and 404 corresponding to magenta and cyan are carried 
out. An Ink droplet from the magenta preliminary ejection 
403 Impacts the preliminary ejection receiver 401- At the 
same time^ the mists 406 cire generated. The resulting air 
current whirls up the mists 406. Similarly, when an ink 
droplet from the cyan prelimineiry ejection 404 impacts the 
preliminary ejection receiver 401, the resulting air 
current whirls up the mists 406. Rebounding air currents 
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collide against each ottieir wliich result from tlie impact 
of ink droplets from the preliminary ejections 403 and 404 
corresponding to magenta and cyan. Thus, the mists 406 
are further whirled up toward the print head 102 . However , 
almost all the whirled-up mists are pushed hack by the air 
currents 403 and 404 caused by the succeeding magenta and 
cyan preliminary ejections. As a result, few mists 406 
reach the print head 102, notably the positions at which 
the ejection openings (nozzles) are disposed. It is 
needless to say that few mists enter the nozzles in the 
magenta and cyan nozzle rows 202 and 203. 

Fig. 4B represents the second step of the preliminary 
ejection divided into the two steps. After the cyan and 
magenta preliminary ejections (first step) have been 
finished, the preliminary ejections 402 and 405 
corresponding to yellow and black are carried out. The 
preliminary ejections 402 and 405 corresponding to yellow 
and black similarly whirl up the mists 406. However, the 
distance of the nozzle rows between the yellow and black 
is larger than that between the magenta and cyan. 
Accordingly, air currents caused by the succeeding yellow 
and black ejections and flowing toward the preliminary 
ejection receiver do not sufficiently reach the whirled-up 
mists. As a result, the whirled-up mists are not pushed 
back but reach a surface of the print head 102 . The arriving 
yellow and black mists stick to the surface of the print 
head 102 near the nozzle rows 202 and 203 corresponding 
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t:o magen-ta and cyan, Wtien tlie st:±c]c±ng in±s1:s en-tex XtiG 
magenta and cyan nozzles, the Ink colors may be mixed 
together*. 

As descxrlbed above, if a plurality o£ nozzle rows are 
5 arranged in the main scanning direction and are subjected 
to preliminary ejection using a plurality of steps, 
whirled-up mists may stick tio the surface of the print head 
depending on the selection of nozzle rows on which 
preliminary ejection is executed during one step. Then, 

10 color mixture may occur between the sticking mists and the 
ink in the nozzles to affect images. For example, the 
desired colors cannot be printed during the succeeding 
printing operation. Further, if the mist sticking to any 
nozzle has the same color as the ink ejected from the nozzle, 

15 the color mixture does not occur. However, since the ink 
sticks to the surface of the nozzle, it is likely that ink 
is not ejected in the correct direction during the succeeding 
ejecting operation . These problems are more likely to occur 
when there is a predetermined or larger distance between 

20 nozzle rows simultaneously subjected to preliminary 

ejection. To avoid this situation, it is contemplated that 
all the nozzle rows may simultaneously undergo preliminary 
ejection. However, to subject simultaneously all the 
nozzle rows to preliminary ejection, the ink jet printing 

25 appsiratus main body must be provided with a high-power power 
source. This increases costs. 

The present invention is provided in view of the above 
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descri-bed problems. Some embodiments o£ t]ie pxesent 
inven-tion w±ll be described below. 
( Embodiment 1 ) 

Figs, 6A to 6D sbow tbe order of preliminary ejection 
5 wlierein tbe preliminary ejection is divided into four steps 
according to tbe present embodiment. 

In tbe present embodiment, preliminary ejection is 
carried out for eacb nozzle row wbile the carriage on wliich 
tlie print bead are mounted is not performing a sceaining 

10 operation. Ftartber, a nozzle row subjected to preliminary 
ejection is sequentially selected starting witH tbe yellow 
one located at an end of tbe print bead. In Figs. 6 A to 
6D, reference numerals 201 to 204 and 401 to 406 denote 
tbe same elements as tbose sbown in Fig. 4 and baving tbe 

15 same reference numerals « 

Fig. 6 A is a scbematic view sboWing tbe first step of 
preliminary ejection divided into four steps . In the first 
step, only the yellow nozzle row is subjected to the 
preliminary ejection 402, This preliminary ejection 

20 causes an air current over tbe preliminary ejection receiver • 
Then, tbe mists 406 are whirled up. However, since only 
tbe yellow nozzle row is undergoing preliminary ejection, 
tbe air current does not collide against any preliminary 
ejections from the other color nozzle rows as shown in Fig. 

25 4- Accordingly, the whirled-up mists 406 do not have a 
sufficient rising force to reach the surfaces of the print 
head 102- Consequently, few mists reach the surfaces of 
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trhe print head 102 , with mosl: mlslis flown ±n titie x dizrectxon. 

SlmlXarly, ±n tlie second step, tlie magenta nozzle row 
is subjected to preliminary ejection (see Fig, 6B) , In 
the third step, the cyeui nozzle row is subjected to 
5 preliminary ejection (see Fig. 6C) , In the fourth step, 
the black nozzle row is subjected to preliminary ejection 
(see Pig. 6D) . In each of the second to fourth steps, two 
or more different nozzle rows do not simultaneously perform 
an ejecting operation. Accordingly, only one nozzle row 

10 performs an ejecting operation during each step. 

Consequently, the preliminary ejection does not cause air 
currents to collide against each other.. Few mists reach 
the surfaces of the print head 102. 

As described above, in an ink jet printing apparatus 

15 comprising a plurality of nozzle rows arranged in the main 
scanning direction and having a plurality of preliminary 
ejecting steps, when only one nozzle row is subjected to 
preliminary ejection during each step, no mists stick to 
the surfaces of the print head. This provides an ink jet 

20 printing apparatus that can print desired colors without 
causing ink color mixture. 
( Embodiment 2 ) 

The print head used in the present embodiment are similar 
to the print head in Pig. 2 which are used in Embodiment 

25 1. 

In the description of Embodiment 1 , preliminary 
ejection is executed on one nozzle row during each step. 
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Howevex, compared to the sxmultanaous preliminary ejection 
of aXl tlxe no2zle rows. Embodiment 1 rec[ulres a quadruple 
period of time (four steps) to subject all tlie nozzle rows 
to preliminary ejection. In tlie present embodiment, 
description will be given of tbe case in wbicti preliminary 
ejection is carried out through two steps in order to reduce 
the time required for the preliminary ejection. 

Figs • 7A and 7B show the order of preliminary ejection 
wherein the preliminary ejection is divided into two steps 
according to the present embodiment. 

Fig . 7A is a schematic view showing preliminary ejection 
in the first step of preliminary ejection divided into two 
steps . 

In the first step , the adjacent yellow and magenta nozzle 
rows are subjected to the preliminary ejections 402 and 
403, respectively • The preliminary ejections to the 
preliminary ejection receiver 401 cause air currents to 
whirl up the mists 406. Furthermore, since the two nozzle 
rows are simultaneously undergoing preliminary ejection, 
both air currents collide against each other . Consequently * 
the mists 406 are whirled up and have a sufficient force 
to reach the surfaces of the print head. However, as 
described in Fig. 4A, most whirled-up mists 406 are pushed 
baclc by the succeeding preliminary ejection from the magenta 
and cyan nozzle rows and do not reach the print head. A 
few mists reach the print head but few of them enter the 
nozzles in the magenta and cyan nozzle rows . This prevents 
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inlc color mixture that may result from the arrival of mists 
at the surfaces of the print head. 

Similarly, in the second step, shown in Fig. 7B, the 
adjacent cyan and black nozzle rows are subjected to 
preliminary ejection. Then, mists are whirled up. 
However, the mists whirled up during the last preliminary 
ejection are pushed back by air ciorrents caused by the 
preliminary ejections from the cyan and black nozzle rows 
and flowing toward the preliminary ejection receiver. 
Consequently, few mists reach the print head. 

In the present embodiment, preliminary ejection is 
carried out through two steps. That is, the two nozzle 
rows from the downstream end of the print head in the x 
direction undergo preliminary ejection during the first 
step. Then, the two nozzle rows from the upstream end of 
the print head in the x direction tindergo preliminary 
ejection during the second step. In this case, similar 
effects can also be produced by the two-step preliminary 
ejection described below. The three nozzle rows from the 
downstream end of the print head in the x direction undergo 
preliminary ejection during the first step. Then, the one 
nozzle rows from the upstream end of the print head in the 
X direction undergo preliminary ejection during the second 
step. 

25 The phenomenon in which mists are pushed back by air 

currents caused by preliminary ejections and flowing toward 
the preliminary ejection receiver occurs only if the 
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distance between the nozzle rows is appropriately slxort^ 
Consequently, this phenomenon is lilcely to occur between 
the adjacent nozzle rows, Xn order to push baclc mists 
reliably, it is necessary to set an appropriate ink flying 
5 speed for an ejecting operation. Thus, the inventors have 
experimentally determined an in3c flying speed effective 
in pushing back mists and a driving frequency required to 
achieve the flying speed. The flying speed and the driving 
frequency vary depending on the amount of ink ejected, the 

10 distance between the nozzle rows, the nozzle pitch « or the 
like. Thus, they are determined turough experiments or 
the like as required- 

As described above, in an ink jet printing apparatus 
comprising a plurality of nozzle rows arranged in the main 

15 scanning direction and having two preliminary ejecting 
steps, the plurality of nozzle rows are divided into two 
groups adjacently spaced nozzle rows in the main scanning 
direction. When the two groups are sequentially subjected 
to preliminary ejection, no mists stick to the surfaces 

20 of the print head. This provides an ink jet printing 

apparatus that can print desired colors without causing 
ink color mixture. 

In the present embodiment , an example has been described 
in which each of two sets of nozzle rows is made from adjacent 

25 two nozzle rows and the two sets of nozzle rows are 
sequentially selected to be subjected to preliminary 
ejection. However, the present invention is not limited 
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-bo 'th.xs aspect. AXX -the nozzle rows may be d±v±aefl lni:o 
sets eacli of a pZuxaJ-JLtry of adjacent: nozzle rows, e.g, six 
nozzle rows may be d±v±ded into two sets , x . e * three adjacent 
rows and one row, so that a preliminary ejecting operation 
5 can be sequentially performed on these sets* 
( Embodiment 3 ) 

In the description of Embodiments 1 and 2, a specified 
amoimt of ink is ejected from each print head. In the 
description of the present embodiment, each print head has 

10 nozzles from which different amounts of ink are ejected 
C large and small dots). 

In Fig. 8, reference numeral 801 denotes nozzle rows 
from which yellow large dots are ejected. Reference 
numerals 802 and 803 denote nozzle rows from which magenta 

15 and cyan large dots , respectively « are ejected. Reference 
numeral 804 denotes nozzle rows from which magenta small 
dots are ejected. Reference numeral 805 denotes nozzle 
rows from which cyan small dots are ejected. The distance 
between the two nozzle rows from which yellow large dots 

20 are ejected is 0.3 mm. Between the nozzle rows 803 and 
the nozzle rows 802 and between the nozzle rows 802 and 
the nozzle rows 801 ^ the distance between the nozzle rows 
from which large dots are ejected is 1 . 0 mm. That is, the 
distance is 1.0 mm or less in all the cases. There is a 

as distance of 0.3 mm between the nozzle row from which small 
dots 804 are ejected and the adjacent nozzle row from which 
large dots 802 of the same color are ejected. Further* 
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tlie nozzle xows ax-e laterally syiranetr-±c wltli respect to 
the central yellow Inlc. For a distinction, the nozzle rows 
in the left are denoted by the subscript "a*, while the 
nozzle rows in the right are denoted by the subscript "b" . 
5 The present embodiment does not use any black nozzle rows. 

When the size o£ Ink droplets resulting from the ejection 
of large dots and which are different from main droplets 
is compared to that of ink droplets resulting from the 
ejection of small dots and which are different from main 

10 droplets, the latter ink droplets are smaller and are thus 
more easily whirled up by air currents • Specifically, when 
large and small dots are ejected, more mists result from 
the small dots than from the large dots* Consequently, 
more mists reach the surfaces of the print head. 

15 In order to prevent surely mists from reaching the 

surfaces of the print head whether the dots are large or 
small, it is also effective in the present embodiment to 
provide as many preliminary ejecting steps as the nozzle 
rows and to execute preliminary ejection on one nozzle row 

20 at a time* However, the print head used in the present 
embodiment has the ten nozzle rows. Accordingly^ if 
preliminary ejection is executed on one nozzle row at a 
time, it is necessary to provide a period of time that is 
ten times as long as that required for the preliminary 

25 ejection from all the nozzle rows . Thus , in order to reduce 
the time required for preliminsary ejection and prevent 
surely mists from reaching the surfaces of the print head. 
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the pxesen-t entboUmenl: cax2r±es out preXxmxnaxy ejection 
takxzig into account tlie amount of mists iresultlng f irom the 
ejection of lax^ge and small dots. 

Figs . 9 A to 9E show the order of preliminairy ejection 
whexeln the prelimlnaxy ejection is divided Into five steps 
according to the present embodiment . 

In Figs. 9A to 9E^ reference numerals 901, 902, and 
903 denote tracks of preliminary ejections from the large 
dot nozzle rows for yellow, magenta^ and cyan. Reference 
numerals 905 and 908 denote tracks of preliminary ejections 
from the small dot nozzle rows for cyan . Reference numerals 
906 and 907 denote tracks of preliminary ejections from 
the small dot nozzle rows for magenta. Reference numeral 
909 denotes tracks of mists whirled up hy air currents 
resulting from preliminary ejections from the large dot 
nozzle rows for the respective color Inks. 

Fig • 9 A Is a schematic view representing the preliminary 
ejection in the first step of preliminary ejection divided 
into five steps. 

In the first step, all the large dot nozzle rows undergo 
preliminary ejection. The large dot nozzle row for each 
ink is adjacent to the small dot nozzle row for this color 
except for yellow. Furthermore, the distance between the 
large dot nozzle row for each Ink and the closest large 
dot nozzle row is 1,0 iran or less as described above . During 
preliminary ejection, air currents occur to whirl up mists • 
Furthermore, the mists collide against air currents 
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result ±ng from tlie sijnultaneous ejections from the otlier 
nozzle rows and sure whirled up toward tne surfaces of the 
print head. However, the distance between the nozzle rows 
on which an ejecting operation Is simultaneously performed 
Is shorty specifically 1.0 mm. Accordingly, for example 
mists generated between the cyan and magenta nozzle rows 
and between the magenta and yellow nozzle rows are pushed 
back by air currents resulting from the succeeding 
preliminary ejection and flowing toward the prelimlnairy 
ejection receiver. Further, the mists generated are fewer 
than those generated together with inlc droplets for small 
dots. Furthermore, the size of the ink droplets resulting 
in the mists are small. Thus, only a few mists are whirled 
up by air cixrrents^ with few of these mists reaching the 
surfaces of the print head. 

Further, after the first step, it is possible in 
connection with power to subject all the small dot nozzle 
rows to preliminary ejection during the second step. 
However, for the yellow ink, both the nozzle rows 801a and 
801b provide large dots. There are no small dot nozzle 
rows for this ink . The distance between the small dot noz zle 
rows for magenta 804a and 804b is larger than 1.0 mm. 
Consequently, mists whirled up between these nozzle rows 
are likely to reach the yellow nozzle rows 801 without being 
pushed back by air cxirrents resulting from the succeeding 
preliminary ejection and flowing toward the preliminary 
ejection receiver. Thus* the present embodiment is 
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composed of four steps In wlixctx -tlie small doi: nozzle rows 
undergoes preliminary ejection one by one. 

As shown In Pig. first, prelimlnaxry ejection is 

executed only on the small dot nozzle row for cyan 805a* 
5 Since no other nozzle rows are subjected to preliminary 
ejection, mists are prevented from being whirled up owing 
to a synergistic effect . Consequently, mists 910 fall onto 
the preliminary ejection receiver without reaching the 
surfaces of the print head 102 . 

lo Then, similarly, preliminary ejection is executed only 

on the small dot nozzle row for magenta 804a (see Fig. 9C) . 
Then^ preliminary ejection is executed only on the small 
dot nozzle row for magenta 804b (see Fig. 9D} . Finally, 
preliminsury ejection is executed only on the small dot nozzle 

15 row for cyan 805b (see Fig. 9E) • Since a single nozzle 
row undergoes preliminary ejection in all the steps, the 
mists 910 arepreventedfrom being whirled up . Consequently, 
few mists reach the surfaces of the print head. 

As described above, in an ink jet printing apparatus 

20 comprising a plurality of nozzle rows arranged in the main 
scanning direction and having a plurality of preliminary 
ejecting steps, preliminary ejection is executed, during 
one step, on all the nozzle rows from which large dots are 
ejected. On the other hand, the nozzle rows from which 

25 small dots are ejected undergo preliminary ejection one 
by one. Then, no mists sticK to the surfaces of the print 
head. This provides an ink jet printing apparatus that 
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can prxnt desired coloxs wxtliout: causing Ink co loz- mlxtUT'e • 
In EmiDOdlments 1 to 3 ^ If t:lie distance between two nozzXe 
rows simultaneously undergoing preliminary e:jectlon Is 1 . 0 
mm or less, mists whirled up by tbe collision at two air 
currents can be pusbed baclc by air currents resulting from 
tbe succeeding preliminary ejection and flowing toward tbe 
preliminary ejection receiver. However, if tbe distance 
between tbe nozzle rows is larger than 1.0 mm, mists are 
more liKely to reacb tbe surfaces of tbe print bead witbout 
being pusbed back. Tbese are values experimentally 
obtained by tbe inventors. Purtber, it is assumed tbat 
these values vary depending on tbe length of the nozzle 
rows and the flying speed of preliminaxy ejection. 

However, if the distance between the two adjacent nozzle 
rows is larger than 1 . 0 mm and mists generated are 
Insufficiently pushed back, then a large number of mists 
stick to an area midway between the two nozzle rows on the 
surfaces of the corresponding print head. When there are 
no nozzles are located in this area, even if mists sticks 
to It , problems such as color mixture do not occur . 
Regardless of the intervals at which the nozzle rows are 
arranged, the simultaneous preliminary ejection from the 
two adjacent nozzle rows according to Kmbodiments 2 and 
3 is effective in preventing color mixture caused by mists • 
Further , with the sequential preliminary ejection from each 
nozzle row according to Embodiment 1, mists are prevented 
from being whlx-led up. Therefore, this means is effective 
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regaxdless of tlie distance between tlie nozzle zrows. 

As described above , according to the present invention , 
if a force of mists resulting from an ink ejecting operation 
whicli causes tlie mists to move toward tlie nozzle surfaces 
5 of tlie print Head is not sufficient to cause the mists to 
reach the nozzle surfaces or the mists aire pushed bac3c by 
air currents resulting from the succeeding preliminary 
ejecting operation, most mists generated move so as not 
to reach the nozzle surfaces or fall toward the preliminary 
10 ejection receiver. This prevents the mists from sticking 
to the nozzle surfaces. It is also possible to prevent 
color mixture caused by sticking inkf lowing Into the nozzles - 
Consequently, it is possible to prevent the degradation 
of images caused by color ml^cture. Moreover, the number 
15 of nozzle rows on which an ejection operation is 

simultaneously performed is limited. Accordingly, the 
power consumption required for prellmineury ejection can 
be limited to within the possible range of supplied power. 
This provides an inexpensive apparatus, 
20 The present invention has been described in detail with 

respect to preferred embodiments , and it will now be apparent 
from the foregoing to those skilled in the art that changes 
and modifications may be made without departing from the 
Invention in its broader aspect, and it is the Intention, 
25 therefore, in the apparent claims to cover all such changes 
and modifications as fall within the true spirit of the 
Invention. 
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